
Copyright 2004 Northrop Grumman Corporation 1
��������	
���
���	����
�������
�������	���

��������	���
�
��
��	��������	���
�
��
��	��������	���
�
��
��	��������	���
�
��
��	
�
�
���	��	�
�
���� 
��	�
�
���	��	�
�
���� 
��	�
�
���	��	�
�
���� 
��	�
�
���	��	�
�
���� 
��	
������	���
��� 
���������	���
��� 
���������	���
��� 
���������	���
��� 
���

��������	���
�
��
��	��������	���
�
��
��	��������	���
�
��
��	��������	���
�
��
��	
�
�
���	��	�
�
���� 
��	�
�
���	��	�
�
���� 
��	�
�
���	��	�
�
���� 
��	�
�
���	��	�
�
���� 
��	
������	���
��� 
���������	���
��� 
���������	���
��� 
���������	���
��� 
���

����������	

�

Robert A. August
Director, Program Development & Technology Integration
Advanced Systems
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• IR&D Overview
– DoD Regulation & Policy
– Discretionary Resource Summary

• IR&D Application and Management
– Allocation Process & Strategy
– Measures of Effectiveness

• Examples of Successes
• Summary
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• DoD Regulation & Policy Encourages Contractors to 
Undertake IR&D Activities That May Further National 
Security in a Broad Sense, May Lead to a Superior 
Military Capability, or May Lower the Cost and Time 
Required for Providing That Capability.

• IR&D is a Critical Investment Resource That Allows 
Contractors to:
– Meet Current and Future Warfighter Needs
– Foster Company Growth & Competitiveness



Copyright 2004 Northrop Grumman Corporation

4

�������������
���������������� �!"#���$�%
Federal Acquisition Regulation (FAR) 31.205-18(a)

"Independent Research and Development" is R&D initiated and conducted by 
defense contractors independent of DoD control and without direct DoD funding. 
IR&D includes: (1) basic research, (2) applied research, (3) development, and (4) 
systems and other concept formulation studies. IR&D does not include R&D 
performed under grant or contract from the Government or third parties and does not 
include technical effort specifically to support bid or proposal activities.

DoD Instruction 3204.1, "Independent Research and Development," May 10, 1999
Under Section 2372 of 10 U.S.C. (reference (b)), contractors shall be encouraged to 
undertake IR&D activities that may further national security in a broad sense, may lead 
to a superior military capability, or may lower the cost and time required to provide that 
capability. IR&D activities intended to accomplish any of the following are of potential 
interest to the Department of Defense:
– Enable superior performance of future U.S. weapon systems and their components.
– Reduce acquisition costs and life-cycle costs of military systems.
– Strengthen the defense industrial base and the technology base of the United States.
– Enhance the industrial competitiveness of the United States.
– Promote the development of technologies identified as critical under Section 2506 of 

10 U.S.C. (reference (b)).
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Non-Contractual Technical Activity (NCTA)
• Independent Research & Development (IR&D)
• Bid & Proposal (B&P)
• Marketing & Sales (M&S)
• Manufacturing Technical Activity
• Information Technical Activity
• Environmental Technical Activity
• Current Technology Documentation Cost

Overhead Technical
Activity (OTA)

Overhead Technical
Support (OTS)

Total Discretionary Resource Includes Several Classes of Funding
That Contribute to Technology / Program Development & Transition
Total Discretionary Resource Includes Several Classes of Funding

That Contribute to Technology / Program Development & Transition
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Company
Investments

(NCTA)

Systems and Concept 
Formulation Studies

Development

Applied Research

Basic Research

Partner
Investments

(Internal)
New ConceptsNew Concepts

System DerivativesSystem Derivatives

System UpgradesSystem Upgrades

Technology Engine

T
R
A
N
S
I
T
I
O
NGovernment

Investments
(CRAD)

Possibilities-Tech Push

Needs-Requirement Pull

Intel Broadcasts

ATOs/
Dynamic

Retasking

NTM 
Systems

Reachback
to CONUS

UAV MILSTAR, Gapfiller/
Commercial Ku

LinkLink--1616

Theater ROE
and Guidance

SAR

CVBG
ESM

Strike 
Package

EO

GMTI

E2-C, Joint STARS,
Rivet Joint, etc.

Link-16 or
LOS Data Link

Link-16,
TCDL or UHF

Intel Broadcasts

ATOs/
Dynamic

Retasking

NTM 
Systems

Reachback
to CONUS

UAV MILSTAR, Gapfiller/
Commercial Ku

LinkLink--1616

Theater ROE
and Guidance

SAR

CVBG
ESM

Strike 
Package

EO

GMTI

E2-C, Joint STARS,
Rivet Joint, etc.

Link-16 or
LOS Data Link

Link-16,
TCDL or UHFNew ArchitecturesNew Architectures

Core Enabling Platform & 
Systems Technology

Advanced Processes and 
LEAN Initiatives

Advanced Systems & Sub-
System Concepts

Systems & Technology 
Demonstration
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Long Range 
Strategic Plan 

(LRSP)
Annual 

Operating Plan 
(AOP)

NCTA Plan
(IR&D + Other  
Investments)• Overall Business 

Strategy (5- Year)

• Market Segment 
Vision, Mission, 
Competitive 
Environment

• Opportunity 
Roadmaps

• Capability 
Roadmaps

• Investment 
Strategy

Project 
Execution & 

Review• Detailed 
Implementation 
Plans (2- Year)

• Financial 
Performance 

• Key Tactics and 
Action Plans

• Sector/Business 
Unit Goals/Metrics

Corporate Strategic
Guidance

• Detailed Project 
Plans (2- Year)

• Problem / Need 
Statement

• Objectives

• Approach / Tasks

• Business / CRAD 
Opportunity

• Milestones / Products

• Technical 
Performance

• Cost / Schedule 
Performance

• Documentation / 
DTIC Reporting

• Technology 
Interchange

IR&D is a Critical Enabler for Business 
Regeneration and Growth

IR&D is a Critical Enabler for Business 
Regeneration and Growth
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Adv Process:   %

NCTA Budget
% of Sales

Baseline Opportunity Investment
% of Sales (% NCTA)

(�$,��������������+������ �!"#�'$�%

Technology, Process & AS
% of Sales (% NCTA)

Potential Opportunity Investment
% of Sales (% NCTA)

New
%, (%)

F/O
%, (%)

Firm
%, (%)

F/O
%, (%)

New
%, (%)

Adv Technology:  %

Adv Systems:  %

Business Unit Top-Down Allocation Strategy Based on LRSP 
Planning Guidance and Strategic Direction

Business Unit Top-Down Allocation Strategy Based on LRSP 
Planning Guidance and Strategic Direction
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Sea Shield Sea Strike Sea Basing FORCEnet
Protect Against SOF and 

Terrorist Thrests
Conduct Strike Ops: Fixed Land 

Targets
Close the Force and Maintain 

Mobility
Provide Communications 

Infrastructure

Mitigate Effects of CBRNE
Conduct strike Ops: Moving 

Land Targets
Provide at Sea Arrival and 

Assembly Provide Network Protection

Provide Self-Defense Against 
Surface Threats

Conduct Special Ops: Precision 
Targeting

Allow Selective Offload
Provide Network 
Synchronization

Conduct Offensive Operations 
Against Surface Threats

Conduct Special Ops: Direct 
Action

Reconstitute and Regenerate At 
Sea Provide Information Transfer

Provide Self-Defense Against 
Sub-Surface Threats

Conduct Offensive Information 
Ops: Jamming

Provide Sustainment At Sea
Conduct Sensor Management 

and Information Processing
Neutralize Submarine Threats 

in the Littorals
Conduct Offensive Information 

Ops: Network Attack
Provide Sustainment for 

Operations Ashore
Detect and ID Targets

Neutralize Open Ocean 
Submarine Threats

Provide Aircraft Survivability Provide Focused Logistics
Provide Cueing and Targeting 

Info
Counter Minefields from Deep 

to Shallow Water
Provide Precision Fires

Provide Shipbaord and Mobile 
Maintenance

Assess Engagement Results

Breach Minefields, Obstacles 
and Barriers from Very Shallow 

water to Beach Exit Zone
Provide High Volume Fires Provide Force Medical Services Provide Mission Planning

Conduct Mining Operations Provide Extended Range Fires
Provide Advanced Base 

Support
Provide Battle Management 

Synchronization
Provide Self-Defense Against 

Air and Missile Threats
Project Forces, Reposition 

Forces
Integrate and Support Joint 

Personnel & Equipment
Provide Common PNT and 

Environmental Info
Provide Maritime Air and 

Missile Defense
Assault Centers of Gravity and 

Critical Vulnerabilities
Provide Afloat C2 Physical 

Infrastructure
Integrate and Distribute Sensor 

Info

Provide Overland Air and 
Missile Defense

Conduct Concurrent/Follow-on 
Missions

Provide AFSB Capability for 
Joint Operations

Track and Facilitate 
Engagement of Time Sensitive 

Targets

Conduct Sea-Based Missile 
Defense

Conduct Nuclear (Strategic) 
Strike

Track and Facilitate 
Engagement of Non-Time 

Sensitive Targets
Provide Assured Survivability
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Sea Power 21Sea Power 21

FORCEnet

Intel, Surveillance, 
Reconnaissance

Networks

Common Operational 
and Tactical Pictures

Sea Strike

Fire Support

Strike

Strategic Deterrence

Maneuver

Sea Shield

Surface Warfare

Force Protection

Under Sea Warfare

Theater Air and
Missile Defense

Sea Basing

Provide Integrated 
Joint Logistics

Deploy and Employ

Pre-Position Joint 
Assets Afloat

Navy’s Sea Power 21: Structure for POM 06

4 Naval Capability Pillars and 14 Mission Capability Packages

… 56 Underpinning Capabilities

4 Naval Capability Pillars and 14 Mission Capability Packages

… 56 Underpinning Capabilities
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§ 4 Naval Capability Pillars 

§ 14 Mission Capability Packages

§ 56 Underpinning Capabilities

§ 3 Cross-Cutting Operational Processes

§ 4 Naval Capability Pillars 

§ 14 Mission Capability Packages

§ 56 Underpinning Capabilities

§ 3 Cross-Cutting Operational Processes

USN Prioritization of Sea Power 21 Capabilities Provided Strategic 
Guidance for POM 06 Funding Decisions 

USN Prioritization of Sea Power 21 Capabilities Provided Strategic 
Guidance for POM 06 Funding Decisions 
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Sea Power 21Sea Power 21

FORCEnet

Intel, Surveillance, 
Reconnaissance

Networks

Common Operational 
and Tactical Pictures

Sea Strike

Fire Support

Strike

Strategic Deterrence

Maneuver

Sea Shield

Surface Warfare

Force Protection

Under Sea Warfare

Theater Air and
Missile Defense

Sea Basing

Provide Integrated 
Joint Logistics

Deploy and Employ

Pre-Position Joint 
Assets Afloat

Navy’s Sea Power 21: Structure for POM 06

4 Naval Capability Pillars and 14 Mission Capability Packages

… 56 Underpinning Capabilities

4 Naval Capability Pillars and 14 Mission Capability Packages

… 56 Underpinning Capabilities

Sea Power 21 
Capability Priorities
(1st Quartile)

Sea Shield
Sea Strike
Sea Basing
FORCEnet

Higher Priority Capabilities
1
2

4

11

7
6

5

10
9
8

12
13
14

3

• •
•
•
• -

-

���

Knowledge Base
Sea Power 21

•Sea Shield
•Sea Basing
•Sea Strike

• Sea Trials
• FORCEnet

• Arch. Framework
• Standards

E-2C
BAMS
EA6B/FOSJ
CVN 21 /DD(X) /LCS

Sea Power 21 /
FORCEnet Systems
Analysis Process 

• Operational Views
§Theater Air Missile Defense 

§ Active Defense
§ Passive Defense
§ Attack Ops

§Surveillance/Reconn.
§ Maritime,Land, USW 

Targets

...
§LCS/DD(X) Primary Missions
§Electronic Order of Battle/IADS

• Model & Sim àààà CWIN
• Mission Analysis
• CONOPS Analysis

Requirements
Analysis

• System Architecture 
View(s)
§Space Assets 
§Airborne Assets 
§Surface Assets 
§Submarine Assets

§Connectivity

• Information Exchange 
Requirements

• Technical Architecture
§BAMS
§E-2C RMP
§EA6B / FOSJ...
§UCAV-N
§CVN-21
§DD(X) / CG(X)
§LCS

Design
Synthesis

Iterative Process - Mission Capabilities Traceable to System Interoperability 

Operational Views

Functional
Analysis

• Integrated Sys. 
Roadmaps
§BAMS
§E-2C RMP
§EA6B / FOSJ...
§UCAV-N
§CVN-21
§DD(X)/CG(X)
§LCS

• Experimentation 
Plans
§War Gaming
§LOEs
§FBE K
§FBE L
§FBE M

Process
Output

• Technical View
• Standards
• Directives

• System Shortfalls/ 
Recommendations

• System View 
Update

Function Info TxNodeRx NodeFormatTimelinessFrequency

ATO Command and 
Control containing 
times, flight tracks, 
frequencies, 
airspace 
coordination

JFACC TSC Text Every 
24hrs.

24 hrs

Classification

SECRET

BAMS
A/C

Retaking

Command and 
Control containing 
times, flight tracks, 
frequencies, 
airspace 
coordination

FASRF BAMS 
A/C

Text As 
Req.

As Req.SECRET

EO/IR
Sensor 

Collection

Surveillance and 
Reconnaissance 
data

BAMS 
A/C

FASRF JPEG 
2000

MPEG 4

System Arch. Views

RTSDL
Lk16
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ATO

TSC
Node

Sensor
Node

P-3
Node

FASRF
Node

IERs

• UCAV -N
• VTUAV
• Global Hawk
• ALMDS / MIW
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… Aligning with Our 
Customer’s Required 
Capabilities

Sea ShieldSea Shield

Sea StrikeSea Strike

Sea BasingSea Basing

FORCEnet
Sea Enterprise

Sea Warrior

Sea Trial

… Systems Engineering The Opportunity Space

Customer’s Vision

-

�	���
����
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… Defining the Future!

Investment Roadmaps

Technology Maturation Roadmaps

Products / Systems Roadmaps

Systems Architecture Roadmaps

•
•

Experiment & Demo Roadmaps

4. Wideband TCP/IP:
Target Picture
Geolocation request/ reply
Strike Authorization

UHF Radio towers
Humvee Ground Station

NNS VASCIC

Webster Field

Radio tower

T-CDL

3. Pre-Strike Capture Video, E-2 Pulls AIA Data

7. Battle Damage Assessment Video

Major C2 Node
Connectivity to SIPRNET
Connectivity to CWIN

2. Vector F/S to Area of   
Interest

5. Laser Designate
Target

Strike Package
(F-18)

AIA Server

MMS 
9 Line S/W
AIA Client

Router

Wide Band Pipe
[ TTNT or VRC-99 ]

�

L 90 00

E NT ER PR IS E 2 8  0 R

40 00R

COMP ACT

Emitter

1. ESM Detection
& Fix

6. 9-line via Tactical  
Data Modem or L-16

CWIN  ( Bethpage, Rosslyn)

Linkage
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Strategic / Business Unit Level
• Compound Annual Growth Rate (CAGR)
• Warranted Equity Value (WEV)*
• CRAD Generation (Portfolio Level)
• Competitive Win/Loss Ratio

Tactical / Project / Technology Level
• Technical Performance vs Objectives

– Measurable Technical / Capability 
Impact

– Cost Benefit / Impact
• Cost/Schedule Performance
• Technology Readiness Level (TRL)
• Risk Level (Po, Cf)
• CRAD Generation

– Tangible Customer Interest

* WEV Addresses Net Income, Cash, Working Capital, Fixed Capital

Measures:
• Success of the Enterprise
• Customer Satisfaction
• Shareholder Value

Measures:
• Technology Influence/Value
• Technology Maturity/Risk
• Project Status vs Plan
• Customer Interest



• Problem/Need
– Three Fold Increase in Advanced 

E-2C Heat Load Will Require More 
Efficient Heat Exchangers 

• Approach
– Foam Metal Heat Exchangers Offer 

2-10X Efficiency
– Typical Sub-System Level Benefits

• 30% Reduction in Weight
• 40% Reduced Area/Volume
• 47% Drag Reduction

– Typical System Level Benefits
• 10% SERC
• 1% Average Altitude
• 2% Time-On-Station
• Packaging, Integration, Cost

Liquid/Liquid Heat 
Exchanger

Liquid/Air Heat 
ExchangerFoam Metal

3����"))������ ��������*����3����"#��������

Advanced Porous Metal Heat Exchanger Technology Enables 
Improved Aircraft Systems Integration & Performance

Advanced Porous Metal Heat Exchanger Technology Enables 
Improved Aircraft Systems Integration & Performance
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• Airborne Surveillance Provides Greater 
Detection Volume & Alert Reaction Time 
& Cueing

• Exploits Aegis / CEC and F/A-18 / AESA 
Warfighting Effectiveness

– >150% Improvement in AEGIS Kills
– >500% Improvement in F/A-18 Kills

• Provides an Effective Deterrent         
Against Future Threats

Network Effectiveness vs. Far Term Threat
( E- 2 / CEC, Aegis / CEC, F/A- 18 / AESA )

South West Asia Scenario

HawkeyeHawkeye

Cruise MissilesCruise MissilesAdvanced EAdvanced E--2C2C
SurvSurv. Coverage. Coverage

AegisAegis
•• CECCEC
•• SMSM--IIII

F/AF/A--1818
•• AESAAESA
•• AMRAAMAMRAAM

HawkeyeHawkeye

Cruise MissilesCruise Missiles

EE--2C APS2C APS--145145
SurvSurv. Coverage. Coverage

AegisAegis
•• CECCEC
•• SMSM--IIII

W
ea

po
ns

 F
ir

ed

E-2 / APS-145 Adv E-2C
Aegis w/ CEC & SM-II
F/A-18 w/ AESA & AMRAAM

AEGIS
F-18

C
M

 K
ill

s

E-2 / APS-145 Adv E-2C

Value-Added Through 
Radar Modernization & 
Networked Theater Air 

Missile Defense Systems
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Transition to the Warfighter-Recent Examples…

E- 2C Capabilities 
Improvement Program

E- 2C Advanced
Hawkeye

EA- 6B ICAP III
Receiver

F/A- 18E/F
Manufacturing Technology

Transition to the Warfighter-Potential Future Examples…

J- UCAS/Pegasus
Airborne Solid

State Laser
Fire Scout Extended Info Ops

Capability
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UHF Radio towers

Humvee Ground Station

NNS VASCIC

Webster Field

Radio tower

T-CDL

3. Fire Scout Captures Pre-Strike Imagery, 
E-2C Pulls Image from AIA Server

6. Fire Scout Provides Battle 
Damage Assessment Imagery

Major C2 Node
Connectivity to SIPRNET
Connectivity to CWIN

2. E-2C Directs Fire Scout 
GSM to Direct F/S to 
Area of Interest

(F-18)

AIA Server

MMS 
9 Line S/W
AIA Client

Router

Wide Band IP-Based 
Communications

�

L9 000

microsy stems

E N TER PR I SE 2  8 0 R

40 0 0 R

C OM PAC T

Emitter

1. E-2C Detects
RF with ESM

5. 9-Line Transferred via 
UHF Voice.  
F/A-18 Prosecutes 
Threat-Target Destroyed

CWIN  ( Bethpage, Rosslyn)

"#$���'���������+�$$�������$�&�(���������"#$���'���������+�$$�������$�&�(���������
6��."���6��."��� 7*.	�8�(+(���'����������7*.	�8�(+(���'����������

4. Image Transferred to VASCIC 
via IP Network. CVN Geo-
Locates Target Coordinates 
and Passes to Network via IP 
Chat Client
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• IR&D is a Critical Industry Resource that Enables Companies to…
– Sustain and Grow their Business
– Mature Current Products
– Develop of Future Products
– Assure a Relevant and Competitive Tech Base
– Evolve Cost Effective Processes
– Transition Technology to the Warfighter

• Allocation of IR&D/Discretionary Resources is the 
Focus of Intensive Company Processes
– Based on Long-Range Strategic Objectives and Near-Term Operating 

Plans
– Focused on Alignment with Customer Vision
– Influenced by Emerging Trends and Approaches (e.g., Capability-Based 

Planning, JCIDS)
– Metrics Are Applied to Assure Appropriate Returns on Investments

IR&D / Transition Success Predicated on Effective Government / Industry 
Communication, Collaboration, Planning, and Resource Management

IR&D / Transition Success Predicated on Effective Government / Industry 
Communication, Collaboration, Planning, and Resource Management
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